Uniform light delivery with tapered waveguides with one pigtail fiber
The light intensity in the waveguide ( ) at position along the length can be expressed by:
( )/ = −( + ) ( ) Eq. S1
where is loss due to material absorption, and is a scattering cross-section describing total scattering loss (bulk + surface) resulting in incomplete total internal reflection. In the case of weakly-varying loss over , the light profile inside the waveguide and the light extracted from the waveguide ( ) can be written as:
Eq. S2
To compensate for the exponential attenuation in light delivery, the waveguide can be designed by varying the scattering cross-section , as a function of . For uniform light delivery, we require = 0, which can be re-written using Eqs. S2 and S3 as:
For our waveguides, ≪ and > 0, the solution of Equation 4 is:
Eq. S5 Where = 1/ (0). In a simplified model, we consider off-axis optical rays with an incident angle (Fig. 1a) . The scattering cross-section is inversely proportional to the thickness of the waveguide since the number of reflections per unit length is given by ( • tan ) −1 . The uniform delivery condition is satisfied with a linear taper given by:
Where 0 is the initial waveguide thickness at = 0 and = 0 / .
In more general cases when material absorption is not negligible compared to scattering, the full solution of Eq. 4 gives:
The exact profile of extracted light can be shown, from Equations (1) and (3), to be:
Supplementary Note 2

Light delivery profile with two pigtail fibers at each end
Another approach for improving the uniformity of delivered light through the waveguide is by coupling light to both sides of the waveguide with two pigtail fibers. This technique can significantly improve the light uniformity of flat waveguides. However, coupling light from both ends does not guarantee a uniform distribution since the delivered light profile for each input is exponentially decaying, not linear (Fig. 4b) . Quantitatively, we can re-write Equation 2 with two fiber inputs on each side:
Where 0 is the length of the waveguide. In our case, the empirically measured value of ( + ) is ~ 0.016 mm -1 . For short waveguides ( 0 < 10 ), Equation S1 can be expanded and rewritten as Eq. S2 and S3:
Eq. S3 does not depend on , and thus shows a uniform distribution. Thus, in the case of short waveguides (< 10 mm), simply coupling light from both ends would ensure uniform light delivery. In the case of longer waveguides (e.g. 80 mm) for delivering light to human/porcine eyes, the delivered light intensity would be higher at the ends than in the middle. Fig. S1 shows the predicted light delivery profile using the Eq. S1 for an 80 mm waveguide. For in vivo applications, in which overall optical loss is expected to be higher, using a tapered waveguide with two fiber inputs on each side may be ideal for ensuring the best light uniformity. On the other hand, coupling an input fiber to each end is less convenient, since one of the fibers would need to be inserted after the waveguide is wrapped around the eye, and the fiber-waveguide coupling should be optimized to ensure the input light intensity is the same on both ends. Besides tapering, other waveguide properties can also be optimized to compensate exponential attenuation due to scattering, such as using different materials or coating layers to alter the scattering and refractive index profile of the waveguide (Equation S4). 
